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SEMICONDUCTOR INTEGRATED transistor 38 is connected to be controlled by a control signal 
CIRCUITRY CT ( which may be a digital signal ) . The control signal CT 

is also provided via the inverter 42 and resistor 44 to an 
CROSS - REFERENCE TO RELATED intermediate node 48 defined between the capacitor 36 and 

APPLICATION 5 transistor 38 , and via the inverter 42 and resistor 46 to an 
intermediate node 50 defined between the transistor 38 and 

This application claims priority from European Patent capacitor 40 . 
Application No. 18152590 filed Jan. 19 , 2018 The entire In operation , the transistor 38 is turned on and off depen contents of the prior application are incorporated herein by dent on a selected code for the control signal CT , the reference . different codes corresponding to different frequency bands . The present invention relates to semiconductor integrated 
circuitry , and in particular to such circuitry having a layered The variable capacitors ( varactors ) 12 and 14 are used to fine 
structure formed on a substrate , the layered structure com tune the frequency in that selected frequency band of 

interest . prising a plurality of metal layers and via layers sandwiched 
between adjacent metal layers . The LC - VCO 1 requires capacitor 8 to have a high 

Such semiconductor integrated circuitry may be provided capacitance ( i.e. big C ) , and also the switched capacitor 
in the form of an IC ( integrated circuit ) chip , and the IC chip circuit 16 , for a wide tuning range as part of a tank circuit . 
may be provided as part of an IC package so that on - chip It has been considered that the capacitor 8 could be 
circuitry ( implemented in the IC chip ) can be connected with provided as an off - chip element ( e.g. provided as a discrete 
off - chip circuitry ( implemented off the IC chip but con- 20 component on a package substrate of an IC package ) with 
nected thereto ) . In this context , the IC chip may be mounted the rest of the LC - VCO 1 being implemented as on - chip 
on a package substrate of the IC package . circuitry ( implemented in an IC chip ) . However , such off 
By way of context , FIGS . 1a and 1b show a schematic chip capacitors are relatively expensive and using such 

diagram of a previously - considered LC voltage - controlled off - chip components is further undesirable since they con 
oscillator ( VCO ) circuit 1 which may be implemented as 25 stitute an unwanted design / area / integration overhead . 
semiconductor integrated circuitry , hereinafter simply an It has also been considered that the capacitor 8 could be 
LC - VCO , i.e. whose function is based on inductive ( L ) and provided on - chip along with the rest of the LC - VCO 1 
capacitive ( C ) components . The LC - VCO 1 is a CMOS ( although the present inventors have considered providing 
LC - VCO and is shown specifically in FIG . 1 ( a ) . A portion the inductor 10 as an off - chip “ packaged ” inductor ) , for 
of the LC - VCO 1 is shown in more detail in FIG . 1 ( b ) . 30 example implemented as a MOM ( Metal - Oxide - Metal ) 

The LC - VCO 1 comprises a current source 2 , a pair of capacitor with increased lengths made up of multiple unit 
cross - coupled transistors ( PMOS MOSFETs ) 4 and 6 , a MOM cells to provide the required high capacitance . Such 
capacitor 8 , an inductor 10 , a pair of series - connected MOM capacitors may be considered inter - digitated multi 
variable capacitors 12 and 14 , a switched capacitor circuit finger capacitors formed by multiple metal layers in the 
16 , a pair of cross - coupled transistors ( NMOS MOSFETs ) 35 layered structure of metal layers of the semiconductor 
18 and 20 , and a resistor 22 . integrated circuitry ( i.e. IC chip ) , connected together as 
The current source 2 is connected between a high voltage appropriate with vias in the via layers ( inter - metal dielec 

source ( e.g. VDD ) and a tail node 24 , and the resistor 22 is trics ) provided between the metal layers concerned . How 
connected between a low voltage source ( e.g. GND or ever , the LC - VCO 1 using such technology has also been 
ground ) and a tail node 26. First and second parallel current 40 found to be unsatisfactory . 
paths 28 and 30 are provided between the tail nodes 24 and It is desirable to address the above problems . 
26 . According to an embodiment of a first aspect of the 

The cross - coupled transistors 4 and 6 are provided on the present invention there is provided semiconductor integrated 
first and second paths 28 and 30 , respectively , with their circuitry , having a layered structure formed on a substrate , 
source terminals connected to the tail node 24 , and their gate 45 the layered structure comprising a plurality of metal layers 
terminals connected to each other's drain terminals . The and via layers sandwiched between adjacent said metal 
cross - coupled transistors 18 and 20 are provided on the first layers , an upwards direction being defined through the 
and second paths 28 and 30 , respectively , with their source layers away from the substrate , wherein : a capacitor is 
terminals connected to the tail node 26 , and their gate formed from metal structures implemented in at least first , 
terminals connected to each other's drain terminals . 50 second and third metal layers ordered in the upwards direc 

Intermediate nodes 32 and 34 are defined on the first and tion ; the metal structures comprise arrangements of strips 
second paths 28 and 30 , respectively . The intermediate node having widths parallel to the layers , the widths being within 
32 is defined between the drain terminals of the transistors one of three ranges of widths , the ranges comprising a lower 
4 and 18 , and the intermediate node 34 is defined between range of widths , an intermediate range of widths comprising 
the drain terminals of the transistors 6 and 20. The interme- 55 widths larger than those in the lower range of widths , and a 
diate nodes 32 and 34 may serve as outputs of the LC - VCO higher range of widths comprising widths larger than those 
1 . in the intermediate range of widths ; the strips formed in the 
The capacitor 8 , inductor 10 , pair of series - connected first layer are organised into at least one first comb arrange 

variable capacitors 12 and 14 , and switched capacitor circuit ment having a base strip and a plurality of finger strips 
16 are connected in parallel between the intermediate nodes 60 extending from the base strip , the widths of the strips formed 
32 and 34 . in the first layer being in the lower range of widths ; the strips 
As shown in FIG . 1 ( b ) , the switched capacitor circuit 16 formed in the second layer are organised into at least one 

comprises a capacitor 36 , a transistor ( NMOS MOSFET ) 38 , second comb arrangement having a base strip and a plurality 
a capacitor 40 , an inverter ( e.g. a CMOS inverter ) 42 and of finger strips extending from the base strip , the widths of 
resistors 44 and 46. The capacitor 36 , transistor 38 , and 65 the finger strips formed in the second layer being in the 
capacitor 40 are connected in series between the intermedi- lower range of widths , and the width of each base strip 
ate nodes 32 and 34 , in that order . The gate terminal of the formed in the second layer being in the intermediate range 
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of widths ; and the strips formed in the third layer have first and second terminals is formed from metal structures 
widths in the higher range of widths . implemented in at least two of first , second and third metal 

The strips formed in the first layer are organised into a layers ordered in the upwards direction , including the third 
plurality of said first comb arrangements ; and the strips metal layer ; the metal structures comprise arrangements of 
formed in the second layer are organised into a plurality of 5 strips having widths parallel to the layers , the strips in the 
said second comb arrangements . third layer form extensions of the terminals of the capacitor ; 

The first comb arrangements may be arranged in an array . and the widths of the strips are ordered such that strips closer 
The second comb arrangements may be arranged in an array . to the terminals are wider than strips further away from the 
Each said second comb arrangement may overly a corre- terminals along the metal structures . 
sponding said first comb arrangement . According to an embodiment of a third aspect of the 

Each said second comb arrangement may be connected to present invention there is provided semiconductor integrated 
its corresponding first comb arrangement by vias having a circuitry , having a layered structure formed on a substrate , 
relatively small cross - sectional area . The strips formed in the the layered structure comprising a plurality of metal layers 
third layer may be connected to corresponding second comb and via layers sandwiched between adjacent said metal 
arrangements by vias having a relatively large cross - sec- 15 layers , an upwards direction being defined through the 
tional area , the cross - sectional areas extending parallel to the layers away from the substrate , wherein : the metal layers 
layers . comprise adjacent lower metal layers and adjacent upper 

The third metal layer may be the uppermost metal layer of metal layers ; a first capacitor is formed from metal structures 
the metal layers . The third metal layer may be a routing implemented in upper metal layers , which structures are 
layer , wherein the strips formed in the third metal layer are 20 sized such that the first capacitor is a relatively high Q 
routings . The first , second and third metal layers may be capacitor due to a relatively low resistance of those struc 
consecutive metal layers of the metal layers . There may be tures ; and a second capacitor is formed from metal structures 
plural said first , second and third metal layers . implemented in lower metal layers , which structures are 

The strips formed in the third metal layer may form sized such that the second capacitor is a relatively low Q 
extensions of terminals of the capacitor . The first and second 25 capacitor due to a relatively high resistance of those struc 
comb arrangements may form distributed plates of the 
capacitor . According to an embodiment of a fourth aspect of the 

The capacitor may be a first capacitor . The metal layers present invention there is provided semiconductor integrated 
may comprise adjacent lower metal layers and adjacent circuitry , having a layered structure formed on a substrate , 
upper metal layers . The layers in which the first capacitor is 30 the layered structure comprising a plurality of metal layers 
formed may be upper metal layers , the structures forming and via layers sandwiched between adjacent said metal 
the first capacitor being sized such that the first capacitor is layers , an upwards direction being defined through the 
a relatively high Q capacitor due to a relatively low resis- layers away from the substrate , wherein : a capacitor having 
tance of those structures . A second capacitor may be formed first and second terminals is formed from metal structures 
from metal structures implemented in lower metal layers , 35 implemented in the metal layers , the capacitor being dis 
which structures are sized such that the second capacitor is tributed across an area of the semiconductor integrated 
a relatively low Q capacitor due to a relatively high resis- circuitry parallel to the layers ; and the metal structures 
tance of those structures . comprise : in the uppermost metal layer , being a routing 

The metal layers may comprise adjacent intermediate layer , one or more routings extending across the area which 
metal layers between the lower metal layers and the upper 40 serve as a first extension of the first terminal , and one or 
metal layers . The first and second capacitors may be formed more routings extending across the area which serve as a 
in overlapping areas of the semiconductor integrated cir- second extension of the second terminal ; in one or more 
cuitry , the overlapping areas being parallel to the layers . A metal layers under the uppermost metal layer , first networks 
shield may be formed from metal structures implemented in of tracks which together form a distributed first plate of the 
one or more of the intermediate metal layers and may extend 45 capacitor , and second networks of tracks which together 
across at least part of the overlapping areas so as to shield form a distributed second plate of the capacitor ; and vias 
the first capacitor . connecting the first networks of tracks to the first extension 

At least one of said intermediate metal layers , below the and the second networks of tracks to the second extension . 
one or more intermediate metal layers in which the shield is Reference will now be made , by way of example only , to 
formed , may be devoid of circuit components or circuit 50 the accompanying Figures , of which : 
tracks or metal strips across said at least part of the over- FIGS . la and 1b , discussed above , show a schematic 
lapping areas . diagram of a previously - considered LC voltage - controlled 

The first capacitor and the second capacitor may be circuit oscillator circuit ; 
components of the same circuit implemented at least partly FIG . 2 is a schematic diagram of a previously - considered 
in the semiconductor integrated circuitry . The circuit may be 55 on - chip MOM capacitor ; 
an LC voltage - controlled oscillator circuit , the first capacitor FIG . 3 is a schematic diagram of another previously 
may have a relatively high capacitance . The second capaci- considered on - chip MOM capacitor ; 
tor may have a relatively low capacitance and be part of a FIG . 4 is a schematic diagram of an example layer 
switched capacitor array of the LC voltage - controlled oscil- structure which may be adopted when implementing inte 
lator circuit . 60 grated circuits ; 

According to an embodiment of a second aspect of the FIGS . 5 to 7 are schematic diagrams together presenting 
present invention there is provided semiconductor integrated a representative part of a high Q capacitor embodying the 
circuitry , having a layered structure formed on a substrate , present invention ; 
the layered structure comprising a plurality of metal layers FIG . 8 is a schematic diagram of a high Q capacitor 
and via layers sandwiched between adjacent said metal 65 embodying the present invention ; 
layers , an upwards direction being defined through the FIG . 9 is schematic diagram of a high capacitor 
layers away from the substrate , wherein : a capacitor having embodying the present invention ; 
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FIG . 10 is a schematic diagram useful for understanding circuitry ( e.g. chip ) concerned . For example , looking at the 
an LC voltage - controlled oscillator circuit having the high Q LC - VCO 1 of FIGS . la and 1b , the capacitor 8 may 
capacitor of FIGS . 8 and 9 ; and correspond to the high capacitor and the capacitors 36 and 
FIG . 11 is a schematic diagram of a shield formed in 40 may correspond to such smaller capacitors . 

particular metal layers , for use in the LC voltage - controlled 5 FIG . 4 is a schematic diagram of an example layer 
oscillator circuit of FIG . 10 . structure 70 which may be adopted when implementing 

It has been considered that the previously - considered integrated circuits ( integrated circuitry , or semiconductor on - chip MOM capacitors do not have a significantly high integrated circuitry ) embodying the present invention . The enough Q ( quality ) factor , and that this degrades the perfor particular number and labelling of the layers is of course just mance of circuitry in which they are employed . The example 10 an example . of capacitor 8 in the LC - VCO 1 of FIGS . 1a and 16 will be A substrate layer is provided at the bottom , followed by taken forward as a convenient running example , since if that a contact layer ( VIAO ) and then alternating metal ( e.g. M1 ) capacitor is sufficiently large it needs to have a very high 
factor for the performance of the LC - VCO 1 to be sufficient and via ( e.g. VIA1 ) layers as indicated . An upwards direc 
for certain high - accuracy applications . tion is defined through the layers away from the substrate as 

shown . Such previously - considered on - chip MOM capacitors 
unfortunately have a relatively high resistance ( hence they The indications “ AP ” ( for Metal 11 ) and “ RV ” ( for Via 
do not have a high enough Q factor ) attributable to the series 10 ) are simply labels corresponding to an example imple 
connection of the distributed resistance of the overall MOM mentation . The label AP indicates that the top metal layer 
structure . 20 may be an aluminium layer ( whereas the lower layers may 
FIG . 2 is a schematic diagram of a previously - considered be copper layers ) and used for connection pads ( hence AP ) 

on - chip MOM capacitor 50 by way of example . Connection and the connections to them . The via layer ( VIA10 ) adjacent 
pads A 52 and B 54 effectively serve as terminals of the to this “ redistribution layer ” ( Metal 11 ) is labelled RV . The 
capacitor 50 , and tracks 56 and 58 extending from these AP or Metal 11 layer will be referred to herein as a routing 
terminals serve as extensions of those terminals and also as 25 layer and connections made in this layer will be referred to 
distributed capacitor plates ( where they run closely along- as routings . Such a routing layer typically includes traces / 
side one another ) . Representative nodes Na ( for pad A 52 ) routings interconnecting integrated circuit bond - pads to 
and Nb ( for pad B 54 ) are indicated , for correspondence with under - bump metallizations ( not shown ) formed on top of the 
the equivalent diagram 59 below . As indicated , the series routing layer , each for connection to a corresponding solder 
resistance becomes relatively high based on this arrange- 30 bump of the finished IC chip . 
ment — the metal structures forming the tracks 56 and 58 Signal lines may be implemented in the metal layers ( e.g. , 
have relatively small widths ( and cross - sections ) and thus in layers M8 and M9 ) , with connections between the layers 
relatively high resistance . being made by vias implemente in the via layers or 

FIG . 3 is a schematic diagram of another previously- inter - metal dielectrics ( e.g. , in layer VIA8 ) . 
considered on - chip MOM capacitor 60 by way of example . 35 For convenience , the metal layers M1 to M5 will be 
Connection pads A 52 and B 54 again effectively serve as referred as lower layers , the metal layers M6 to M8 will be 
terminals of the capacitor 50 , and tracks 56 and 58 extending referred as intermediate layers , and the metal layers M9 to 
from these terminals serve as extensions of those terminals . AP will be referred as upper layers . The metal layers may get 
Repeating cells 64 of inter - digitated comb arrangements are thinner in the downwards direction , with density and resis 
connected to the tracks 56 and 58 as appropriate to serve as 40 tivity of structures / tracks also increasing in that direction . 
distributed capacitor plates ( where the fingers 64 of the In overview , FIGS . 5 to 7 are schematic diagrams together 
comb arrangements run closely alongside one another ) . presenting a representative part 80 of a high Q capacitor 100 , 
Again , the metal structures forming the tracks 56 and 58 formed from metal structures implemented in layers M9 , 
have relatively small widths ( and cross - sections ) . The metal M10 and AP ( and via connections through the via layers 
structures forming the repeating cells 64 have even smaller 45 therebetween ) . It is assumed in the present example that 
widths ( and cross - sections ) . Thus the equivalent series resis- capacitor 100 is a big ( high C ) capacitor that may be used in 
tance is higher than in FIG . 2. Further , since there is place of capacitor 8 in FIGS . 1a and 1b . Of course , the 
typically an area limitation in each direction ( the MOM representative part 80 may itself be considered a high Q 
capacitor's size may be limited by a manufacturing rule ) , the capacitor albeit a smaller ( lower capacitance ) one . FIGS . 5 
series resistance becomes significantly larger . A larger num- 50 to 7 are plan views looking down through the layers of a 
ber of unit capacitors connected together results in higher particular area of an integrated circuit ( e.g. an IC chip ) . It 
series resistance . will become apparent that FIGS . 5 to 7 relate to different 

In order to address these issues , in overview , the present layers , and thus that they effectively may be considered to be 
inventors have considered implementing an on - chip capaci- stacked on top of one another . 
tor as a MOM capacitor ( hereinafter high Q capacitor ) 55 FIG . 5 indicates metal structures or routings 102 and 104 
having a particular structure ( as described in more detail formed in layer AP , corresponding to extensions of respec 
below ) and also using the upper metal layers of the layered tive terminals of the capacitor 100. Thus , routings 102 and 
structure of the semiconductor integrated circuitry ( IC chip ) , 104 are connected to capacitor terminals , nodes or bump 
where the upwards direction is defined from the substrate pads corresponding to pads A 52 and B 54 , respectively . 
through the metal layers . This enables the resistance asso- 60 Routings 102 and 104 have widths HW ( which may be , 
ciated with the high Q capacitor to be dramatically reduced but need not be , the same as one another ) which are within 
and its Q factor to consequently be increased to a more a higher range of widths ( HW ) of three ranges of widths . 
satisfactory value . Here , the ranges comprise a lower range of widths ( LW ) , an 

Also , by implementing the high capacitor in the upper intermediate range of widths ( IW ) comprising widths larger 
metal layers , it is possible to implement smaller ( lower 65 than those in the lower range of widths ( LW ) , and the higher 
capacitance ) capacitors ( or other components ) in the lower range of widths ( HW ) comprising widths larger than those 
layers to make better use of the area of the integrated in the intermediate range of widths ( IW ) . 
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Due to the large widths ( in combination with the depths / arrangements 132 and 134 are also inter - digitated as shown , 
thicknesses of the routings — not indicated ) , it is understood so that each finger strip 138 is adjacent to at least a finger 
that routings 102 and 104 have very low resistances e.g. strip 138 of the other one of the comb arrangements 132 and 
compared to the metal structures 56 , 58 , 62 , 64 of FIGS . 2 134. The inter - digitated finger strips 138 also effectively 
and 3. The general idea is thus to use upper layer ( s ) such as serve as distributed plates of the capacitor 100. It will be 
layer AP for low resistance routings forming extensions of appreciated that the finger strips 118 of FIG . 6 overly 
the capacitor nodes / terminals . The number of these AP corresponding finger strips 138 of FIG . 7 . 
( routing ) layers is determined by how low a resistance is The base strips 136 and the finger strip 138 have widths needed for a suitable Q value here only a single such layer LW ( which may be , but need not be , the same as one is shown for convenience and comparison with the example 10 another ) which are within the lower range of widths ( LW ) . layer structure 70 . 
FIG . 6 indicates metal structures , in particular comb Nevertheless , these widths are larger than those of the metal 

structures 56 , 58 , 62 , 64 of FIGS . 2 and 3. Therefore , the arrangements , 112 and 114 formed in layer M10 . For con 
venience , the outline of routings 102 and 104 formed in comb arrangements 132 and 134 have very low resistances 
layer AP is provided in dashed form to enable a comparison 15 as well . The general idea is thus to use one or more other 
between FIGS . 5 and 6 . upper layer ( s ) such as layer M9 for low resistance comb 
Comb arrangements 112 and 114 correspond in part to arrangements forming extensions of the capacitor nodes / 

extensions of respective terminals of the capacitor 100 . terminals and also distributed capacitor plates . The number 
Thus , it may be considered that comb arrangements 112 and of these layers is determined by how low a resistance is need 
114 are connected to capacitor terminals , nodes or bump 20 for a suitable Q ( quality ) value and the total C ( capacitance ) 
pads corresponding to pads A 52 and B 54 , respectively . value needed for the capacitor - here only a single such 

The comb arrangements 112 and 114 each have a base layer is shown for convenience and comparison with the 
strip 116 and a plurality of finger strips 118 extending from example layer structure 70 . 
the base strip 116. The finger strips 118 of the comb Vias 142 and 144 are shown as present in via layer VIAI 
arrangements 112 and 114 are inter - digitated in an interlock- 25 connecting the comb arrangements 132 and 134 to the comb 
ing fashion ( e.g. interleaved ) as shown , so that each finger arrangements 112 and 114 , respectively . These vias 142 and 
strip 118 is adjacent to at least a finger strip 118 of the other 144 may be considered to have smaller cross - sectional areas 
one of the comb arrangements 112 and 114. The inter- than vias 122 and 124 . 
digitated finger strips 118 effectively serve as distributed Thus , FIGS . 5 to 7 together present the representative part 
plates of the capacitor 100 . 30 80 of the high Q capacitor 100. FIG . 8 is a schematic 

The base strips 116 have widths IW ( which may be , but diagram indicating how the representative part 80 may be 
need not be , the same as one another ) which are within the used multiple times ( e.g. as repeating cells ) to produce the 
intermediate range of widths ( IW ) . The finger strips 118 high Q capacitor 100. The number of instances of represen 
have widths LW ( which may be , but need not be , the same tative part 80 in FIG . 8 is simply an example for ease of 
as one another ) which are within the lower range of widths 35 representation . There may for example be up to ten , or tens 
( LW ) . Nevertheless , these widths are larger than those of the or hundreds of instances in an example implementation . 
metal structures 56 , 58 , 62 , 64 of FIGS . 2 and 3. Therefore , Although not indicated as such in FIGS . 5 to 7 , it is clear 
the comb arrangements 112 and 114 have very low resis- from FIG . 8 that routings 102 and 104 formed in layer AP 
tances as well . The general idea is thus to use one or more of FIG . 5 may be parts of a larger network of routings 102 
other upper layer ( s ) such as layer M10 for low resistance 40 and 104 whose widths ( VHW ) are very high . Indeed those 
comb arrangements forming extensions of the capacitor routings 102 and 104 resemble comb arrangements . As 
nodes / terminals and also distributed capacitor plates . The indicated , the representative part 80 is provided multiple 
number of these layers is determined by how low a resis- times in FIG . 8 as repeating cell , each time connecting into 
tance is need for a suitable Q value and the total C value the same routings 102 and 104 so as to form the desired high 
needed for the capacitor - here only a single such layer is 45 C and high Q capacitor 100. Again , the routings 102 and 104 
shown for convenience and comparison with the example are connected to capacitor terminals , nodes or bump pads 
layer structure 70 . corresponding to pads A 52 and B 54 , respectively . 

Vias 122 and 124 are shown as present in via layer VIA10 The very high widths ( VHW ) , which may be considered 
connecting the comb arrangements 112 and 114 to the part of the higher range of widths ( HW ) , help contribute to 
routings 102 and 104 , respectively . These vias 122 and 124 50 the very low resistances which lead to the high property 
may be considered to have relatively large cross - sectional of the capacitor 100. The multiple instances of the repre 
areas ( parallel to the plan view ) . Although they are shown as sentative part 80 contribute the high C property . 
being rectangular in shape , they may be square in shape for FIG . 9 is a schematic diagram of the capacitor 100 , but 
example . presented in the style of FIGS . 2 and 3. Connection pads A 
FIG . 7 indicates metal structures , in particular comb 55 52 and B 54 serve as terminals of the capacitor 100 , and 

arrangements , 132 and 134 formed in metal layer M9 . Again routings 102 and 104 extending from these terminals serve 
for convenience , the outline of routings 102 and 104 formed as extensions of those terminals . The comb arrangement of 
in layer AP is provided in dashed form to enable a com- routings shown in FIG . 8 is not reproduced in FIG . 9 for 
parison between FIGS . 5 , 6 and 7 . simplicity . Repeating cells corresponding to the representa 
Comb arrangements 132 and 134 correspond in part to 60 tive part 80 are provided as indicated to arrive at the large 

extensions of respective terminals of the capacitor 100 . MOM capacitor 100 , with multiple MOM units 80 and top 
Thus , comb arrangements 132 and 134 are connected to layer ( AP ) routings 102 , 104 between bump pads 52 and 54 . 
capacitor terminals , nodes or bump pads corresponding to Although not shown in FIG . 9 , in the context of imple 
pads A 52 and B 54 , respectively . menting the LC - VCO 1 of FIGS . la and 1b using the 

The comb arrangements 132 and 134 each have a base 65 capacitor 100 in place of capacitor 8 , the bump pads 52 and 
strip 136 and a plurality of finger strips 138 extending from 54 correspond to the intermediate nodes 32 and 34 of FIGS . 
the base strip 136. The finger strips 138 of the comb la and 1b , respectively , and provide connection to the other 
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circuit components as in FIGS . 1a and 1 b ( transistors , ing the shield 200 without gaps enables better noise isolation 
inductor , variable capacitors , switched capacitor circuit , and helps to improve the Q factor . 
resistor ) . The present invention may be embodied in many different 

It will incidentally be appreciated that because the rout- ways in the light of the above disclosure , within the spirit 
ings 102 and 104 run orthogonally to the base strips 116 in 5 and scope of the appended claims . 
FIG . 6 , the vias 122 and 124 need to be placed in areas where The present disclosure extends to the following numbered they can connect the relevant comb arrangement 112 , 114 to statements , which define embodiments of the present inven the relevant routing 102 , 104. Of course , the routings 102 tion . 
and 104 could run parallel to the base strips 116 so as to A enable placement of more vias 122 , 124 on the base strips 10 S1 . Semiconductor integrated circuitry , having a layered 116 . 
FIG . 10 is a schematic diagram corresponding to the structure formed on a substrate , the layered structure com 

example layer structure 70 , but with the via layers omitted prising a plurality of metal layers and via layers sandwiched 
for simplicity . between adjacent said metal layers , an upwards direction 

The purpose of FIG . 10 is to indicate that an advantage of 15 being defined through the layers away from the substrate , 
implementing the capacitor 100 in the upper layers is that it wherein : 
becomes possible to implement LC - VCO 1 of FIGS . 1a and a capacitor is formed from metal structures implemented 
1b ( using the capacitor 100 in place of capacitor 8 ) in a in at least first , second and third metal layers ordered in the 
stacked arrangement that is efficient in terms of chip area . upwards direction ; 
That is , components of the LC - VCO 1 ( using the capacitor 20 the metal structures comprise arrangements of strips hav 
100 in place of capacitor 8 ) such as the switched capacitor ing widths parallel to the layers , the widths being within one 
circuit 16 and the active devices ( transistors ) 4 , 6 , 18 , 20 , 38 of three ranges of widths , the ranges comprising a lower 
may be implemented in the lower layers and substrate as range of widths , an intermediate range of widths comprising 
indicated . The inductor 10 may be a high Q inductor widths larger than those in the lower range of widths , and a 
provided off - chip ( as a “ packaged ” inductor ) , the other 25 higher range of widths comprising widths larger than those 
components of the LC - VCO 1 being on - chip . in the intermediate range of widths ; 

The lower layers are thus used to build the switched the strips formed in the first layer are organised into at capacitor array ( switched capacitor circuit 16 ) to reduce the least one first comb arrangement having a base strip and a effective area of the LC - VCO 1 and further improve the 
loaded Q ( as it is not necessary to run resistive connections 30 widths of the strips formed in the first layer being in the 

plurality of finger strips extending from the base strip , the 
across a larger area ) . As indicated in FIG . 10 , it is further lower range of widths ; possible to introduce a ( e.g. grounded ) shield structure 200 
( explained in more detail in connection with FIG . 11 ) in the the strips formed in the second layer are organised into at 
intermediate layers . By doing so , the switched capacitor least one second comb arrangement having a base strip and 
circuit 16 can be placed under the shield structure ( or simply , 35 a plurality of finger strips extending from the base strip , the 
shield ) 200 , thereby reducing the switched capacitor circuit widths of the finger strips formed in the second layer being 
16 output routing distance . In this way , the overall loaded in the lower range of widths , and the width of each base strip 
of the capacitor 100 in combination with the switched formed in the second layer being in the intermediate range 
capacitor circuit 16 does not drop by much from the high Q of widths ; and 
value of the capacitor 100. This idea enables placement of 40 the strips formed in the third layer have widths in the 
the other devices of the LC - VCO 1 such as cross - coupled higher range of widths . 
transistors 4 , 6 , 18 , 20 and varactors 12 , 14 close to the bump S2 . The semiconductor integrated circuitry according to 
pads to improve the loaded Q of the LC tank . statement Si , wherein ; 
As indicated in FIG . 10 , in the present arrangement the the strips formed in the first layer are organised into a 

M7 and M8 layers are used to implement the shield 200 45 plurality of said first comb arrangements ; and 
while the M6 layer is left unused to reduce parasitic capaci- the strips formed in the second layer are organised into a 
tance between the shield 200 and switched capacitor circuit plurality of said second comb arrangements . 
16. Layers M1 to M5 are used for the switched capacitor S3 . The semiconductor integrated circuitry according to 
circuit ( switched capacitor bank ) 16 with the active elements statement S2 , wherein ; 
( MOS transistors ) . the first comb arrangements are arranged in an array ; FIG . 11 is a schematic diagram of the shield 200 formed the second comb arrangements are arranged in an array ; from metal structures implemented in layers M7 and M8 . As and indicated , the shield 200 comprises metal structures or strip each said second comb arrangement overlies a corre 202 and 204 formed in the metal layers M8 and M7 , respectively , and vias 206 connecting those strips 202 , 204 ss sponding said first comb arrangement . S4 . The semiconductor integrated circuitry according to any together to form the overall shield structure . The strips 202 
overlap partly with the strips 204 as shown so that the of the preceding statements , wherein : 
addition of the via connections 206 forms a single shield each said second comb arrangement is connected to its 
200. The shield 200 may be connected to a voltage supply corresponding first comb arrangement by vias having a 
such as ground ( not shown ) so as to perform its shielding 60 relatively small cross - sectional area ; and 
function . the strips formed in the third layer are connected to 

The two - layer shield 200 ( M7 and M8 with VIA7 ) allows corresponding second comb arrangements by vias having a 
complete shielding without a gap ( due to the overlapping of relatively large cross - sectional area , the cross - sectional 
strips 202 , 204 ) and improves the Q of the MOM structure . areas extending parallel to the layers . 
Since there are active circuits ( e.g. having transistors 4 , 6 , 65 S5 . The semiconductor integrated circuitry according to any 
18 , 20 ) with lower - layer metal MOM capacitors ( e.g. of of the preceding statements , wherein the third metal layer is 
switched capacitor circuit 16 ) below the shield 200 , provid- the uppermost metal layer of the metal layers . 

50 
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S6 . The semiconductor integrated circuitry according to any second and third metal layers ordered in the upwards direc 
of the preceding statements , wherein the third metal layer is tion , including the third metal layer ; 
a routing layer , and wherein the strips formed in the third the metal structures comprise arrangements of strips hav 
metal layer are routings . ing widths parallel to the layers ; 
S7 . The semiconductor integrated circuitry according to any 5 the strips in the third layer form extensions of the termi 
of the preceding statements , wherein the first , second and nals of the capacitor ; and 
third metal layers are consecutive metal layers of the metal the widths of the strips are ordered such that strips closer 
layers . to the terminals are wider than strips further away from the 
S8 . The semiconductor integrated circuitry according to any terminals along the metal structures . 
of the preceding statements , wherein the strips formed in the 10 S16 . The semiconductor integrated circuitry according to 
third metal layer form extensions of terminals of the capaci- statement S15 , wherein the sizes of vias connecting strips in 
tor . one said metal layer to strips in another said metal layer are 
S9 . The semiconductor integrated circuitry according to any ordered such that vias closer to the terminals have a bigger 
of the preceding statements , wherein the first and second size than vias further away from the terminals along the 
comb arrangements form distributed plates of the capacitor . 15 metal structures . 
S10 . The semiconductor integrated circuitry according to S17 . The semiconductor integrated circuitry according to 
any of the preceding statements , wherein : statement S15 or S16 , wherein : 

the capacitor is a first capacitor ; the metal structures forming the capacitor are imple 
the metal layers comprise adjacent lower metal layers and mented in the first , second and third metal layers ; 

adjacent upper metal layers ; the widths are within one of three ranges of widths , the 
the layers in which the first capacitor is formed are upper ranges comprising a lower range of widths , an intermediate 

metal layers , the structures forming the first capacitor being range of widths comprising widths larger than those in the 
sized such that the first capacitor is a relatively high Q lower range of widths , and a higher range of widths com 
capacitor due to a relatively low resistance of those struc- prising widths larger than those in the intermediate range of 
tures ; and 25 widths ; 

a second capacitor is formed from metal structures imple- the strips formed in the first layer are organised into at 
mented lower metal layers , which structures are sized least one first comb arrangement having a base strip and a 
such that the second capacitor is a relatively low Q capacitor plurality of finger strips extending from the base strip , the 
due to a relatively high resistance of those structures . widths of the strips formed in the first layer being in the 
S11 . The semiconductor integrated circuitry according to 30 lower range of widths ; 
statement S10 , wherein : the strips formed in the second layer are also organised 

the metal layers comprise adjacent intermediate metal into at least one second comb arrangement having a base 
layers between the lower metal layers and the upper metal strip and a plurality of finger strips extending from the base 
layers ; strip , the widths of the finger strips formed in the second 

the first and second capacitors are formed in overlapping 35 layer being in the lower range of widths , and the width of 
areas of the semiconductor integrated circuitry , the overlap- each base strip formed in the second layer being in the 
ping areas being parallel to the layers ; and intermediate range of widths ; and 

a shield is formed from metal structures implemented in the strips formed in the third layer have widths in the 
one or more of the intermediate metal layers and extends higher range of widths . 
across at least part of the overlapping areas so as to shield 40 S18 . The semiconductor integrated circuitry according to 
the first capacitor . statement S17 , wherein ; 
S12 . The semiconductor integrated circuitry according to the strips formed in the first layer are organised into a 
statement S11 , wherein at least one of said intermediate plurality of said first comb arrangements ; and 
metal layers , below the one or more intermediate metal the strips formed in the second layer are organised into a 
layers in which the shield is formed , is devoid of circuit 45 plurality of said second comb arrangements . 
components or circuit tracks or metal strips across said at S19 . The semiconductor integrated circuitry according to 
least part of the overlapping areas . statement S18 , wherein ; 
S13 . The semiconductor integrated circuitry according to the first comb arrangements are arranged in an array ; and 
any of statements S10 to S12 , wherein the first capacitor and the second comb arrangements are arranged in an array ; 
the second capacitor are circuit components of the same 50 and 
circuit implemented at least partly in the semiconductor each said second comb arrangement overlies a corre 
integrated circuitry . sponding said first comb arrangement . 
S14 . The semiconductor integrated circuitry according to S20 . The semiconductor integrated circuitry according to 
statement S13 , wherein : any of statements S17 to S19 , wherein : 

the circuit is an LC voltage - controlled oscillator circuit ; 55 each said second comb arrangement is connected to its 
the first capacitor has a relatively high capacitance ; and corresponding first comb arrangement by vias having a 
the second capacitor has a relatively low capacitance and relatively small cross - sectional area , and 

is part of a switched capacitor array of the LC voltage- the strips formed in the third layer are connected to 
controlled oscillator circuit . corresponding second comb arrangements by vias having a 
S15 . Semiconductor integrated circuitry , having a layered 60 relatively large cross - sectional area , the cross - sectional 
structure formed on a substrate , the layered structure com- areas extending parallel to the layers . 
prising a plurality of metal layers and via layers sandwiched S21 . The semiconductor integrated circuitry according to 
between adjacent said metal layers , an upwards direction any of statements S17 to S20 , wherein the first and second 
being defined through the layers away from the substrate , comb arrangements form distributed plates of the capacitor . 
wherein : 65 S22 . The semiconductor integrated circuitry according to 

a capacitor having first and second terminals is formed any of statements S15 to $ 21 , wherein the third metal layer 
from metal structures implemented in at least two of first , is the uppermost metal layer of the metal layers . 
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S23 . The semiconductor integrated circuitry according to such that the second capacitor is a relatively low Q capacitor 
any of statements S15 to S22 , wherein the third metal layer due to a relatively high resistance of those structures . 
is a routing layer , and wherein the strips formed in the third S31 . The semiconductor integrated circuitry according to 
metal layer are routings . statement S30 , wherein : 
S24 . The semiconductor integrated circuitry according to the metal layers comprise adjacent intermediate metal 
any of statements S15 to S23 , wherein the first , second and layers between the lower metal layers and the upper metal 
third metal layers are consecutive metal layers of the metal layers ; 
layers . the first and second capacitors are formed in overlapping 
S25 . The semiconductor integrated circuitry according to areas of the semiconductor integrated circuitry , the overlap 
any of statements S15 to S24 , wherein : 10 ping areas being parallel to the layers ; and 

the capacitor is a first capacitor ; a shield is formed from metal structures implemented in 
the metal layers comprise adjacent lower metal layers and one or more of the intermediate metal layers and extends 

adjacent upper metal layers ; across at least part of the overlapping areas so as to shield 
the layers in which the first capacitor is formed are upper the first capacitor . 

metal layers , the structures forming the first capacitor being 15 S32 . The semiconductor integrated circuitry according to 
sized such that the first capacitor is a relatively high statement S31 , wherein at least one of said intermediate 
capacitor due to a relatively low resistance of those struc- metal layers , below the one or more intermediate metal 
tures ; and layers in which the shield is formed , is devoid of circuit 

a second capacitor is formed from metal structures imple- components or circuit tracks or metal strips across said at 
mented in lower metal layers , which structures are sized 20 least part of the overlapping areas . 
such that the second capacitor is a relatively low Q capacitor S33 . The semiconductor integrated circuitry according to 
due to a relatively high resistance of those structures . any of statements S30 to S32 , wherein the first capacitor and 
S26 . The semiconductor integrated circuitry according to the second capacitor are components of the same circuit 
statement S25 , wherein : implemented at least partly in the semiconductor integrated 

the metal layers comprise adjacent intermediate metal 25 circuitry . 
layers between the lower metal layers and the upper metal S34 . The semiconductor integrated circuitry according to 
layers ; any of statements S30 to S33 , wherein : 

the first and second capacitors are formed in overlapping the circuit is an LC voltage - controlled oscillator circuit ; 
areas of the semiconductor integrated circuitry , the overlap- the first capacitor has a relatively high capacitance ; and 
ping areas being parallel to the layers ; and the second capacitor has a relatively low capacitance and 

a shield is formed from metal structures implemented in is part of a switched capacitor array of the LC voltage 
one or more of the intermediate metal layers and extends controlled oscillator circuit . 
across at least part of the overlapping areas so as to shield S35 . The semiconductor integrated circuitry according to 
the first capacitor . any of statements S30 to S34 , wherein : 
S27 . The semiconductor integrated circuitry according to 35 the first capacitor is formed from metal structures imple 
statement S26 , wherein at least one of said intermediate mented in at least first , second and third metal layers of said 
metal layers , below the one or more intermediate metal upper layers ordered in the upwards direction ; 
layers in which the shield is formed , is devoid of circuit the metal structures of the first capacitor comprise 
components or circuit tracks or metal strips across said at arrangements of strips having widths parallel to the layers , 
least part of the overlapping areas . 40 the widths being within one of three ranges of widths , the 
S28 . The semiconductor integrated circuitry according to ranges comprising a lower range of widths , an intermediate 
any of statements S25 to S27 , wherein the first capacitor and range of widths comprising widths larger than those in the 
the second capacitor are components of the same circuit lower range of widths , and a higher range of widths com 
implemented at least partly in the semiconductor integrated prising widths larger than those in the intermediate range of 
circuitry . 45 widths ; 
S29 . The semiconductor integrated circuitry according to the strips formed in the first layer are organised into at 
statement S28 , wherein : least one first comb arrangement having a base strip and a 

the circuit is an LC voltage - controlled oscillator circuit ; plurality of finger strips extending from the base strip , the 
the first capacitor has a relatively high capacitance ; and widths of the strips formed in the first layer being in the 
the second capacitor has a relatively low capacitance and 50 lower range of widths ; 

is part of a switched capacitor array of the LC voltage- the strips formed in the second layer are also organised 
controlled oscillator circuit . into at least one second comb arrangement having a base 
B strip and a plurality of finger strips extending from the base 
S30 . Semiconductor integrated circuitry , having a layered strip , the widths of the finger strips formed in the second 
structure formed on a substrate , the layered structure com- 55 layer being in the lower range of widths , and the width of 
prising a plurality of metal layers and via layers sandwiched each base strip formed in the second layer being in the 
between adjacent said metal layers , an upwards direction intermediate range of widths ; and 
being defined through the layers away from the substrate , the strips formed in the third layer have widths in the 

wherein : higher range of widths . 
the metal layers comprise adjacent lower metal layers and 60 S36 . The semiconductor integrated circuitry according to 

adjacent upper metal layers ; statement S35 , wherein ; 
a first capacitor is formed from metal structures imple- the strips formed in the first layer are organised into a 

mented in upper metal layers , which structures are sized plurality of said first comb arrangements ; and 
such that the first capacitor is a relatively high Q capacitor the strips formed in the second layer are organised into a 
due to a relatively low resistance of those structures ; and 65 plurality of said second comb arrangements . 

a second capacitor is formed from metal structures imple- S37 . The semiconductor integrated circuitry according to 
mented in lower metal layers , which structures are sized statement S36 , wherein ; 



5 

10 

US 10,992,261 B2 
15 16 

the first comb arrangements are arranged in an array ; range of widths , an intermediate range of widths comprising 
the second comb arrangements are arranged in an array ; widths larger than those in the lower range of widths , and a 

and higher range of widths comprising widths larger than those 
each said second comb arrangement overlies a corre- in the intermediate range of widths ; 

sponding said first comb arrangement . the strips formed in the first layer are organised into at S38 . The semiconductor integrated circuitry according to least one first comb arrangement having a base strip and a 
any of statements S35 to S37 , wherein : plurality of finger strips extending from the base strip , the 

each said second comb arrangement is connected to its widths of the strips formed in the first layer being in the corresponding first comb arrangement by vias having a lower range of widths ; relatively small cross - sectional area ; and the strips formed in the second layer are also organised the strips formed in the third layer are connected to into at least one second comb arrangement having a base corresponding second comb arrangements by vias having a 
relatively large cross - sectional area , the cross - sectional strip and a plurality of finger strips extending from the base 
areas extending parallel to the layers . strip , the widths of the finger strips formed in the second 
S39 . The semiconductor integrated circuitry according to 15 layer being in the lower range of widths , and the width of 
any of statements S35 to S38 , wherein the third metal layer each base strip formed in the second layer being in the 
is the uppermost metal layer of the metal layers . intermediate range of widths ; and 
S40 . The semiconductor integrated circuitry according to the strips formed in the third layer are said routings and 
any of statements S35 to S39 , wherein the third metal layer have widths in the higher range of widths . 
is a routing layer , and wherein the strips formed in the third 20 S46 . The semiconductor integrated circuitry according to 
metal layer are routings . statement S45 , wherein ; 
S41 . The semiconductor integrated circuitry according to the strips formed in the first layer are organised into a 
any of statements S35 to S40 , wherein the first , second and plurality of said first comb arrangements ; and 
third metal layers are consecutive metal layers of the metal the strips formed in the second layer are organised into a 
layers . 25 plurality of said second comb arrangements . 
S42 . The semiconductor integrated circuitry according to S47 . The semiconductor integrated circuitry according to 
any of statements S35 to S41 , wherein the strips formed in statement S46 , wherein ; 
the third metal layer form extensions of terminals of the first the first comb arrangements are arranged in an array ; and 
capacitor . the second comb arrangements are arranged in an array ; 
S43 . The semiconductor integrated circuitry according to 30 and 
any of statements S35 to S42 , wherein the first and second each said second comb arrangement overlies a corre 
comb arrangements form distributed plates of the first sponding said first comb arrangement . 
capacitor . S48 . The semiconductor integrated circuitry according to 
? any of statements S45 to $ 47 , wherein : 
S44 . Semiconductor integrated circuitry , having a layered 35 each said second comb arrangement is connected to its 
structure formed on a substrate , the layered structure com- corresponding first comb arrangement by vias having a 
prising a plurality of metal layers and via layers sandwiched relatively small cross - sectional area ; and 
between adjacent said metal layers , an upwards direction the strips formed in the third layer are connected to 
being defined through the layers away from the substrate , corresponding second comb arrangements by vias having a 

wherein : 40 relatively large cross - sectional area , the cross - sectional 
a capacitor having first and second terminals is formed areas extending parallel to the layers . 

from metal structures implemented in the metal layers , the S49 . The semiconductor integrated circuitry according to 
capacitor being distributed across an area of the semicon- any of statements S45 to $ 48 , wherein the first , second and 
ductor integrated circuitry parallel to the layers ; and third metal layers are consecutive metal layers of the metal 

the metal structures comprise : 45 layers . 
in the uppermost metal layer , being a routing layer , one or S50 . The semiconductor integrated circuitry according to 
more routings extending across the area which serve as any of statements S45 to S49 , wherein pairs of said first and 
a first extension of the first terminal , and one or more second comb arrangements form the distributed first plate of 
routings extending across the area which serve as a the capacitor , and other pairs of said first and second comb 
second extension of the second terminal ; 50 arrangements form the distributed second plate of the 

in one or more metal layers under the uppermost metal capacitor . 
layer , first networks of tracks which together form a S51 . The semiconductor integrated circuitry according to 
distributed first plate of the capacitor , and second any of statements S44 to $ 50 , wherein : 
networks of tracks which together form a distributed the capacitor is a first capacitor ; 
second plate of the capacitor ; and the metal layers comprise adjacent lower metal layers and 

vias connecting the first networks of tracks to the first adjacent upper metal layers ; 
extension and the second networks of tracks to the second the layers in which the first capacitor is formed are upper 
extension . metal layers , the structures forming the first capacitor being 
S45 . The semiconductor integrated circuitry according to sized such that the first capacitor is a relatively high Q 
statement S44 , wherein : 60 capacitor due to a relatively low resistance of those struc 

the capacitor is formed from said metal structures imple tures ; and 
mented in at least first , second and third metal layers ordered a second capacitor is formed from metal structures imple 
in the upwards direction , the third layer being said upper- mented in lower metal layers , which structures are sized 
most layer ; such that the second capacitor is a relatively low Q capacitor 

the metal structures comprise arrangements of strips hav- 65 due to a relatively high resistance of those structures . 
ing widths parallel to the layers , the widths being within one S52 . The semiconductor integrated circuitry according to 
of three ranges of widths , the ranges comprising a lower statement S51 , wherein : 
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the metal layers comprise adjacent intermediate metal strips of the at least one second comb arrangement 
layers between the lower metal layers and the upper metal being strips among the second strips , and the width of 
layers ; the base strip of the at least one second comb arrange 

the first and second capacitors are formed in overlapping ment being in the intermediate range of widths ; 
areas of the semiconductor integrated circuitry , the overlap- 5 the strips formed in the third layer have widths in the 
ping areas being parallel to the layers ; and higher range of widths ; 

a shield is formed from metal structures implemented in a second capacitor is formed from metal structures imple one or more of the intermediate metal layers and extends mented in the lower metal layers , which metal struc across at least part of the overlapping areas so as to shield tures are sized such that the second capacitor is a the first capacitor . relatively low Q capacitor due to a relatively high S53 The semiconductor integrated circuitry according to resistance of those structures ; statement S52 , wherein at least one of said intermediate the plurality of metal layers comprise adjacent interme metal layers , below the one or more intermediate metal 
layers in which the shield is formed , is devoid of circuit diate metal layers between the lower metal layers and 
components or circuit tracks or metal strips across said at 15 the upper metal layers ; 
least part of the overlapping areas . the first and second capacitors are formed in overlapping 
S54 . The semiconductor integrated circuitry according to areas of the semiconductor integrated circuitry , the 
any of statements S51 to S53 , wherein the first capacitor and overlapping areas being parallel to the layers ; and 
the second capacitor are components of the same circuit a shield is formed from metal structures implemented in 
implemented at least partly in the semiconductor integrated 20 one or more of the intermediate metal layers connected 
circuitry . to a ground voltage supply , wherein the shield extends 
S55 . The semiconductor integrated circuitry according to across at least part of the overlapping areas so as to 
statement S54 , wherein : shield the first capacitor . 

the circuit is an LC voltage - controlled oscillator circuit ; 2. The semiconductor integrated circuitry as claimed in 
the first capacitor has a relatively high capacitance ; and 25 claim 1 , wherein ; 
the second capacitor has a relatively low capacitance and the strips formed in the first layer are organised into a 

is part of a switched capacitor array of the LC voltage- plurality of said first comb arrangements ; and 
controlled oscillator circuit . the strips formed in the second layer are organised into a 

The invention claimed is : plurality of said second comb arrangements . 
1. Semiconductor integrated circuitry , having a layered 30 3. The semiconductor integrated circuitry as claimed in 

structure formed on a substrate , the layered structure com- claim 2 , wherein ; 
prising a plurality of metal layers and via layers , comprising the first comb arrangements are arranged in an array ; 
adjacent lower metal layers and adjacent upper metal layers , the second comb arrangements are arranged in an array ; 
an upwards direction being defined through the layers away and 
from the substrate , each said second comb arrangement overlies a corre 

wherein : sponding said first comb arrangement . 
a first capacitor is formed from metal structures imple- 4. The semiconductor integrated circuitry as claimed in 
mented in at least first , second and third layers of the claim 1 , wherein : 
upper metal layers which are provided at different each said second comb arrangement is connected to its 
positions in the upwards direction , respectively , and 40 corresponding first comb arrangement by vias having a 
ordered in the upwards direction , the metal structures relatively small cross - sectional area ; and 
forming the first capacitor being sized such that the first the strips formed in the third layer are connected to 
capacitor is a relatively high Q capacitor due to a corresponding second comb arrangements by vias hav 
relatively low resistance of those structures ; ing a relatively large cross - sectional area , the cross 

the metal structures comprise arrangements of strips hav- 45 sectional areas extending parallel to the layers . 
ing widths parallel to the layers , the widths being 5. The semiconductor integrated circuitry as claimed in 
within one of three ranges of widths , the ranges com- claim 1 , wherein the third metal layer is the uppermost metal 
prising a lower range of widths , an intermediate range layer of the upper metal layers . 
of widths comprising widths larger than those in the 6. The semiconductor integrated circuitry as claimed in 
lower range of widths , and a higher range of widths 50 claim 1 , wherein the third metal layer is a routing layer , and 
comprising widths larger than those in the intermediate wherein the strips formed in the third metal layer are 
range of widths ; routings . 

first strips among the strips are formed in the first layer 7. The semiconductor integrated circuitry as claimed in 
and are organised into at least one first comb arrange- claim 1 , wherein the first , second and third metal layers are 
ment having a base strip formed in the first layer and a 55 consecutive metal layers of the upper metal layers . 
plurality of finger strips formed in the first layer and 8. The semiconductor integrated circuitry as claimed in 
extending from the base strip , said base strip and finger claim 1 , wherein the strips formed in the third metal layer 
strips of the at least one first comb arrangement being form extensions of terminals of the first capacitor . 
strips among the first strips , the widths of the first strips 9. The semiconductor integrated circuitry as claimed in 
being in the lower range of widths ; 60 claim 1 , wherein the first and second comb arrangements 

second strips among the strips are formed in the second form distributed plates of the first capacitor . 
layer and are organised into at least one second comb 10. The semiconductor integrated circuitry as claimed in 
arrangement having a base strip formed in the second claim 1 , wherein at least one of said intermediate metal 
layer and a plurality of finger strips formed in the layers , below the one or more intermediate metal layers in 
second layer and extending from the base strip , the 65 which the shield is formed , is devoid of circuit components 
widths of the finger strips of the second strips being in or circuit tracks or metal strips across said at least part of the 
the lower range of widths , said base strip and finger overlapping areas . 
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11. The semiconductor integrated circuitry as claimed in 

claim 1 , wherein the first capacitor and the second capacitor 
are circuit components of a circuit implemented at least 
partly in the semiconductor integrated circuitry . 

12. The semiconductor integrated circuitry as claimed in 5 
claim 11 , wherein : 

the circuit is an LC voltage - controlled oscillator circuit ; 
the first capacitor has a relatively high capacitance ; and 
the second capacitor has a relatively low capacitance and 

is part of a switched capacitor array of the LC voltage- 10 
controlled oscillator circuit . 


